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Description 
LIP SEAL FOR ROLLER CONE DRILL BIT 

Background of Invention 
[0001] 1. FIELD OF THE INVENTION. 

[0002] The present invention is generally directed to the field of 
sealing technology for roller cone drill bits, and, more 
particularly, to a radial lip seal that may be used on a 
roller cone drill bit. 

[0003] 2. DESCRIPTION OF THE RELATED ART. 

[0004] oil and gas wells are formed by a rotary drilling process. 
To that end, a drill bit is mounted on the end of a drill 
string which may be very long, e.g., several thousand feet. 
At the surface, a rotary drive mechanism turns the drill 
string and the attached drill bit at the bottom of the hole. 
In some cases, a downhole motor may provide the desired 
rotation to the drill bit. During drilling operations, a 
drilling fluid (so-called drilling mud) is pumped through 
the drill string and back up-hole by pumps located on the 
surface. The purpose of the drilling fluid is to, among 



other things, remove the earthen cuttings resulting from 
the drilling process. 
[0005] when the drill bit wears out or breaks during drilling, it 
must be brought up out of the hole. This requires a pro- 
cess called "tripping," wherein a heavy hoist pulls the en- 
tire drill string out of the hole in stages of, for example, 
about ninety feet at a time. After each stage of lifting, one 
"stand"of pipe is unscrewed and laid aside for re- 
assembly (while the weight of the drill string is temporar- 
ily supported by another mechanism). Since the total 
weight of the drill string may be several tons, and the 
length of the drill string may be tens of thousands of feet, 
this is not a trivial job. One trip can require many man- 
hours and, thus, tripping is a significant expense of the 
drilling budget. To resume drilling, the entire process 
must be reversed. Thus, the bit"s durability is very impor- 
tant to minimize the number of times a bit is replaced 
during drilling. 

[0006] Figure 1 depicts an exemplary rolling cutter rock drill bit 
10 within which the present invention may be used. A 
"rolling cutter rock drill bit" is also commonly called a 
rock bit, a rolling cutter drill bit or an oilfield drill bit. The 
illustrated bit 10 includes a body 12 having three legs 14. 



In this type of bit, as is known in the art, a cantilevered 
bearing spindle (not shown in Figure 1) formed on each 
leg 14 extends inwardly and downwardly and is capable of 
carrying a rotatably mounted rolling cutter 18. A plurality 
of bearings are arranged on the bearing spindle to sup- 
port the rotatably mounted rolling cutter 18. Attached to 
each illustrated rolling cutter 18 are hard, wear-resistant 
cutting inserts 20, which are capable of engaging the 
earth to effect a drilling action and cause rotation of the 
rolling cutter 18. 
[0007] The inserts 20 on the rolling cutters 18 crush and cut the 
rock as drilling operations are performed with the neces- 
sary force being supplied by the "weight-on-bit"(WOB) 
which presses down on the drill bit 10 and by the torque 
applied by the rotary drive mechanism. During the drilling 
process, very large and non-constant stresses and forces 
may be applied to the inserts 20, the rolling cutters 18, 
and the drill bit 10 itself. Thus, the loads carried by the 
internal bearings can be very large and irregularly applied. 
That is, the rolling cutter 18 bearings are subjected to 
very irregular loads, with the instantaneous loading on the 
bearings being several times larger than the average 
bearing loads. 



[0008] | n suc h drill bits, some type of seal is positioned between 
the bearings and the outside environment to keep lubri- 
cant around the bearings and to keep contaminants out, 
e.g., grit or debris resulting from the drilling process. 
Proper sealing is very important in drilling operations. One 
type of seal that may be employed in rolling cutter drill 
bits is a lip seal. Such a seal is positioned in a groove (or 
gland) formed in the body of the rolling cutter 18. The 
seal typically has one or more lips that engage the sealing 
surface of the bearing spindle. One problem with such lip 
seals is keeping the lip properly oriented and ensuring 
that all sliding takes place at the interface between the 
lips of the seal and the sealing surface of the bearing 
shaft. That is, it is desirable to ensure that substantially all 
sliding takes place at the lip of the seal and not at some 
other part of the seal that is not designed for sliding en- 
gagement with another part, and to ensure that the lip 
seal remains properly oriented during drilling operations. 

[0009] The present invention is directed to devices and methods 
that may solve, or at least reduce, some or all of the 
aforementioned problems. 
Summary of Invention 

[0010] The present invention is generally directed to various em- 



bodiments of a radial lip seal for use with roller cone drill 
bits. In one illustrative embodiment, a drill bit is disclosed 
that is comprised of a spindle, a rolling cutter positioned 
around the spindle, the rolling cutter having a seal recess 
formed therein, the seal recess having an outer surface, 
and a lip seal positioned in the seal recess and around the 
spindle, wherein at least one void is established between 
the outer surface of the seal recess and the outer surface 
of the lip seal. 

[0011] | n another illustrative embodiment, the method comprises 
providing a drill bit comprised of a spindle, a rolling cutter 
positioned around the spindle, the rolling cutter having a 
seal recess formed therein, the seal recess having an 
outer surface, and a lip seal positioned in the seal recess 
and around the spindle, wherein at least one void is es- 
tablished between the outer surface of the seal recess and 
the outer surface of the lip seal. The method further com- 
prises positioning the drill bit downhole, wherein the at 
least one void is at least partially collapsed when the drill 
bit is subjected to hydrostatic pressure in the well bore, 
and performing drilling operations with the drill bit. 
Brief Description of Drawings 

[0012] The invention may be understood by reference to the fol- 



lowing description taken in conjunction with the accom- 
panying drawings, in which like reference numerals iden- 
tify like elements. 
[0013] Figure 1 is a perspective view of a rolling cutter drill bit. 

[0014] Figure 2 is a cross-sectional view of a rolling cutter drill 
bit in accordance with one illustrative embodiment of the 
present invention. 

[0015] Figures 3A-3C are various views of a lip seal in accor- 
dance with one illustrative embodiment of the present in- 
vention. 

[0016] Figure 4 is an enlarged view of an illustrative seal gland 
that is adapted to receive the illustrative lip seal depicted 
in Figures 3A-3C. 

[0017] Figures 5A-5C are cross-sectional views depicting the lip 
seals at various stages of installation and when in use. 

[0018] Figure 6 depicts an alternative embodiment of a lip seal 

and recess in accordance with another illustrative embod- 
iment of the present invention. 

[0019] while the invention is susceptible to various modifications 
and alternative forms, specific embodiments thereof have 
been shown by way of example in the drawings and are 
herein described in detail. It should be understood, how- 
ever, that the description herein of specific embodiments 



is not intended to limit the invention to the particular 
forms disclosed, but on the contrary, the intention is to 
cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as de- 
fined by the appended claims. 
Detailed Description 

[0020] illustrative embodiments of the invention are described 
below. In the interest of clarity, not all features of an ac- 
tual implementation are described in this specification. It 
will, of course, be appreciated that in the development of 
any such actual embodiment, numerous implementation-spe- 
cific decisions must be made to achieve the developers" 
specific goals, such as compliance with system-related 
and business-related constraints, which will vary from one 
implementation to another. Moreover, it will be appreci- 
ated that such a development effort might be complex 
and time-consuming, but would nevertheless be a routine 
undertaking for those of ordinary skill in the art having 
the benefit of this disclosure. 

[0021] The present invention will now be described with refer- 
ence to the attached drawings which are included to de- 
scribe and explain illustrative examples of the present in- 
vention. The words and phrases used herein should be 



understood and interpreted to have a meaning consistent 
with the understanding of those words and phrases by 
those skilled in the relevant art. No special definition of a 
term or phrase, i.e., a definition that is different from the 
ordinary and customary meaning as understood by those 
skilled in the art, is intended to be implied by consistent 
usage of the term or phrase herein. To the extent that a 
term or phrase is intended to have a special meaning, i.e., 
a meaning other than that understood by skilled artisans, 
such a special definition will be expressly set forth in the 
specification in a definitional manner that directly and un- 
equivocally provides the special definition for the term or 
phrase. 

[0022] Referring now to the drawings in more detail, and particu- 
larly to Figures 1 and 2, a rolling cutter drill bit 10 in- 
cludes a body 12 (portions of which are not shown). The 
body 12 of a typical rolling cutter drill bit 10 comprises 
three similar leg portions 14 (only two are shown in Figure 
1). A cantilevered bearing spindle 16 (see Figure 2) 
formed on each leg 14 extends inwardly and downwardly. 
A rolling cutter 18 is rotatably mounted upon the spindle 
16 as hereinafter explained. Attached to the rolling cutter 
18 are cutting inserts 20 which engage the earth to effect 



a drilling action and cause rotation of the rolling cutter 
18. 

[0023] Typically, each cutting insert 20 will be formed of a hard, 
wear-resistant material. Internal passageways 22, 24, as 
well as a reservoir 28, are filled with lubricant (not shown) 
during bit assembly. The lubricant helps reduce bearing 
friction and wear during bit operation and is retained 
within the rolling cutter 18 by a lip seal 50 in accordance 
with one illustrative embodiment of the present invention. 
Pressure differentials between the lubricant the external 
environment of the bit are equalized by the movement of 
a pressure balancing diaphragm 34. 

[0024] The rolling cutter 18 is mounted upon the cantilevered 

bearing spindle 16 formed on the leg 14. A floating bush- 
ing 36 is mounted on the spindle 16. The floating bushing 
36 is designed to carry the radial loads imposed upon the 
rolling cutter 18 during drilling. Also depicted are a plu- 
rality of ball bearings 42. The ball bearings 42 serve to re- 
tain the rolling cutter 18 on the bearing spindle 16 by re- 
sisting the forces which tend to push the rolling cutter 18 
inward during drilling. A thrust face washer 46 is disposed 
between the bearing spindle 16 and the rolling cutter 18. 
The thrust face washer 46 carries the onward thrust forces 



imposed upon the rolling cutter 18 during drilling. In op- 
eration, this thrust face washer floats in the space be- 
tween the bearing spindle 16 and the rolling cutter 18. It 
should be understood that the illustrative bearing config- 
urations depicted in Figure 2 are provided byway of ex- 
ample only, as the present invention may be employed 
with any type or configuration of bearings used in mount- 
ing the rolling cutter 18 on the spindle 16. Thus, the 
present invention should not be considered as limited to 
any particular arrangement or configuration of bearings 
unless such limitations are expressly recited in the ap- 
pended claims. 

[0025] As indicated in Figure 2, a lip seal 50 is positioned in a 
seal recess 52 (or gland) formed in the rolling cutter 18. 
Figures 3A-3C are, respectively, top, cross-sectional and 
enlarged, partial, cross-sectional views of an illustrative 
lip seal 50 in accordance with one illustrative embodiment 
of the present invention. Figure 4 is an enlarged view of 
one illustrative embodiment of a seal recess 52 that may 
be employed with one embodiment of the present inven- 
tion. 

[0026] The lip seal 50 is generally comprised of a body 54, an in- 
ner surface 56 and an outer surface 58. The lip seal 50 is 



adapted to be positioned in the seal recess 52. The lip 
seal 50 is provided with one or more sealing lips 60 on 
the inner surface 56 of the lip seal 50. The sealing lips 60 
are adapted to sealingly engage a sealing surface of the 
bearing spindle 16 as the rolling cutter 18 rotates around 
the bearing spindle 16. In the illustrative embodiment de- 
picted herein, the sealing interface of the lip seal 50 is 
comprised of two sealing lips 60. However, as will be rec- 
ognized by those skilled in the art after a complete read- 
ing of the present application, the present invention may 
be employed with a lip seal 50 that has any desired con- 
figuration at the sealing interface with the bearing spindle 
16. Thus, the present invention should not be considered 
as limited to any particular type of configuration or struc- 
ture for the sealing interface of the lip seal 50 unless such 
limitations are expressly set forth in the appended claims. 
The lip seal 50 may be comprised of a variety of materials, 
e.g., an elastomeric material that, in one embodiment, 
may have a Shore A hardness ranging from approximately 
60-90 durometer, etc. 
[0027] As best seen in Figure 3C, the lip seal 50 has a body 54, 
an inner surface 56, an outer surface 58, a concave sur- 
face 62, side surfaces 63, and a plurality of protrusions 64 



that are positioned proximate the concave surface 62. The 
middle portion of the body 54 of the lip seal 50 has a 
generally hour-glass shaped cross-sectional configuration 
as defined by the recesses 66, 68 formed on opposite 
sides of the body 54 of the lip seal 50. 
[0028] | n the illustrative embodiment depicted herein, the outer 
surface 58 of the lip seal 50 is defined, at least in part, by 
the concave surface 62. In the illustrative embodiment de- 
picted herein, the concave surface 62 of the lip seal 50 is 
a radiused surface having a radius of curvature of approx- 
imately 0.172 inches, and it has a depth (at the center of 
the body) of approximately 0.020 inches. As will be rec- 
ognized by those skilled in the art after a complete read- 
ing of the present application, the radiused concave sur- 
face 62 is provided by way of example only. That is, the 
present invention is not limited to use with such a ra- 
diused concave surface 62. Thus, the present invention 
should not be considered as limited to lip seals 50 having 
such a radiused concave surface unless such limitations 
are expressly recited in the attached claims. The overall 
width 70 of the body 54 of the lip seal 50 is approxi- 
mately 0.255 inches. In the depicted embodiment, the 
protrusions 64 have a radiused surface having a radius of 



curvature of approximately 0.030 inches. However, the 
present invention should not be considered as limited to 
the particular disclosed configuration of the protrusions 
64. The recesses 66, 68 on the sides of the lip seal 50 
also have a radiused surface having a radius of curvature 
of approximately 0.125 inches and they have a midpoint 
depth of approximately 0.065 inches. 
[0029] As depicted in Figure 4, the seal groove 52 has a generally 
rectangular cross-sectional configuration that has an 
outer surface 72, a width 74 of approximately 0.249 
inches and a depth 76 of approximately 0.376 inches. The 
seal groove 52 also has a plurality of sidewalls 57. In the 
disclosed embodiment, the recess 52 is provided with ra- 
diused corners 78 having, for example, a radius of ap- 
proximately 0.030 inches. Of course, the cross-sectional 
configuration of the seal groove 52, as well as the width 
74 and depth 76 of the seal groove 52, may vary depend- 
ing upon the particular application. Thus, the present in- 
vention should not be considered as limited to the partic- 
ularly disclosed embodiment unless such limitations are 
expressly recited in the appended claims. Moreover, the 
outer surface 72 of the seal recess 52 need not be a flat 
surface as is depicted in Figure 4. 



[0030] The lip seal 50 is adapted to be positioned and retained in 
the seal groove 52. To that end, in one embodiment, the 
lip seal 50 and seal groove 52 are sized and configured 
such that there is a slight interference fit between the lip 
seal 50 and the seal groove 52. More specifically, in the 
depicted embodiment, the lip seal 50 has a width 70 of 
approximately 0.255 inches while the width 74 of the seal 
groove 52 is approximately 0.249 inches. This interfer- 
ence fit will allow the lip seal 50 to be positioned and re- 
tained in the seal groove 52 as the roller cutter 18 is as- 
sembled onto the bearing spindle 16 and establish a seal 
between the lip seal 50 and the seal recess 52. The 
amount of interference between the lip seal 50 and the 
seal groove 52 may vary depending upon the application. 

[0031] Reference will now be made to Figures 5A-5C to describe 
further aspects of the present invention. Figure 5A depicts 
the situation where the lip seal 50 is initially positioned in 
the seal groove 52. As depicted therein, the protrusions 
64 and side surfaces 63 of the lip seal 50 engage portions 
of the interior surface 51 of the seal groove 52. More 
specifically, in the depicted embodiment, the side surfaces 
63 of the lip seal 50 engage portions of the sidewall 57 of 
the seal recess 52, while the protrusions 64 engage, at 



least partially, the radiused corners 78 of the seal recess 
52. Note that, due to the configuration of the outer sur- 
face 58 on the lip seal 50, e.g., the concave surface 62, a 
void 80 is intentionally established between the body 54 
of the lip seal 50 and the outer surface 72 of the seal 
groove 52. At the point depicted in Figure 5A, the seal 50 
is installed into the seal groove 52 under dry conditions, 
i.e., without lubricant. This ensures that the void 80 sub- 
stantially contains only air at atmospheric pressure. The 
size and cross-sectional configuration (as seen in Figure 
5A) of the void 80 may vary depending upon the particular 
application. Moreover, a plurality of voids 80 may be pro- 
vided between the outer surface 58 of the lip seal 50 and 
the outer surface 72 of the seal recess 52 and the cross- 
sectional configuration of such voids 80 may vary de- 
pending upon the particular application. In one illustrative 
embodiment, the void 80 (or collection of voids if more 
than one void 80 is employed) will have a volumetric size 
ranging from approximately 0.5-15 percent of the total 
volume of the elastomeric seal body 54. In another illus- 
trative embodiment, the void 80 will have a volumetric 
size that ranges from approximately 2-6% of the total vol- 
ume of the seal body. In one particularly illustrative ex- 



ample, the void 80 has a volumetric size of approximately 
4 percent of the total volume of the seal body 54. In cases 
where more than one void 80 is established between the 
lip seal 50 and the seal recess 52, the voids 80 may each 
have different volumetric sizes and/or configurations. 
However, the volumetric size of all of the plurality of voids 
80, considered commulatively, should fall within the 
0.5-15% of the total volume of the seal body 54 discussed 
above. Thus, the present invention should not be consid- 
ered as limited to the formation of a single void 80 be- 
tween the lip seal 50 and the seal recess 52 unless such 
limitations are expressly set forth in the appended claims. 
Moreover, as discussed above, the present invention 
should not be considered as limited to voids having the 
volumetric size and cross-sectional configuration as de- 
picted in the drawings, unless such limitations are ex- 
pressly set forth in the appended claims. For ease of ref- 
erence, the present invention will be further discussed in 
the context of forming a single void 80 between the seal 
50 and the seal recess 52, although the invention is not 
limited to such an illustrative embodiment. 
[0032] | t j S worth noting that the lip seal 50 has a radial thick- 
ness 71 that exceeds the depth 76 of the seal groove 52. 



A dashed line 82 in Figure 5A indicates the position of the 
sealing surface 82 of the spindle 16 when the roller cutter 
18 is installed on the spindle 16. Thus, when the roller 
cutter 18 is installed on the spindle 16, the lip seal 50 will 
be subjected to radial compression forces that will act to 
compress the seal 50 up into the seal recess 52. Figure 5B 
indicates the lip seal 50 in the installed condition wherein 
the sealing interface, e.g., the sealing lips 60, of the lip 
seal 50 are engaged with the sealing surface 82 of the 
spindle 16. Before the roller cutter 18 is installed on the 
spindle 16, the inner (sealing) surface 56 of the lip seal 50 
is coated with a lubricant to facilitate assembly and to fa- 
cilitate smooth sliding contact between the sealing surface 
82 of the spindle 16 and the sealing lips 60 on the lip seal 
50. The lubricant substantially fills the entire inner surface 
56. After the bit is assembled, the bearings are vacuum/ 
pressure greased in the manner known to those skilled in 
the art. Note that the void 80 is still present between the 
outer surface 58, e.g., concave surface 62, of the lip seal 
50 and the outer surface 72 of the seal groove 52 even 
after the rolling cutter 18 is installed on the spindle 16. As 
a result of the installation process, the lip seal 50 is radi- 
ally compressed in the direction indicated by the double 



arrow 75 (see Figure 5B). The magnitude of the radial 
compression on the lip seal 50 when it is position in the 
seal groove 52 and assembled on the spindle 16 will vary 
depending upon the particular application. 
[0033] Figure 5C depicts the situation after the drill bit 10 has 
been put in service downhole wherein the hydrostatic 
pressure in the well bore acts to compress the air in the 
void 80 between the outer surface 58 of the lip seal 50 
and the outer surface 72 of the seal recess 52. Although 
the void 80 collapses under the hydrostatic pressure, the 
cavity on the inner sealing surface 56 by the hydrostatic 
pressure, essentially equalizing the hydrostatic pressure 
across the sealing lips 60. This hydrostatic pressure may 
be on the order of approximately 0.5-1.0 psi per foot of 
depth depending upon the particular application. Thus, at 
a depth of 5000 feet, the hydrostatic pressure would be 
between approximately 2500-5000 psi. When the void 80 
is at least partially collapsed, or at least reduced in size, 
there is a wedging action or force that is exerted at least 
partially in the axial direction indicated by the double ar- 
row 81 (see Figure 5C) at the outside diameter of the lip 
seal 50 that tends to secure the lip seal 50 more securely 
within the seal recess 52. The hydrostatic pressure also 



tends to provide a radial force that helps secure the lip 
seal 50 within the seal recess 52. That is, the hydrostatic 
pressures that exist downhole may be used to lock in, or 
more securely position, the lip seal 50 in the seal recess 
52. Accordingly, the present invention may be useful in 
reducing or preventing rotation of the lip seal 50 within 
the seal groove 52. As a result, the present invention may 
be useful in extending the effective life of the lip seal 50, 
thereby reducing the tendency of bearings in the rolling 
cutter bit 18 to prematurely fail. 
[0034] Figure 6 depicts an alternative embodiment of the present 
invention. In this embodiment, the outer surface 72 of the 
seal recess 52 has a concave configuration, and the outer 
surface 62 of the lip seal 50 is a generally planar surface. 
In this embodiment, the void 80 is still established be- 
tween the outer surface 72 of the seal recess 52 and the 
outer surface 62 of the lip seal 50. In the embodiment de- 
picted in Figure 6, the outer surface 72 is a radiused sur- 
face. However, as will be recognized by those skilled in 
the art after a complete reading of the present applica- 
tion, the outer surface 72 may be of any configuration. 
Moreover, the outer surface 72 may be configured such 
that there are a plurality of voids 80 between the lip seal 



50 and the outer surface 72 of the seal recess 52. 

[0035] The present invention is generally directed to various em- 
bodiments of a radial lip seal for use with rolling cutter 
drill bits that may be secured in place by hydrostatic pres- 
sure. In one illustrative embodiment, a drill bit is dis- 
closed that is comprised of a spindle, a rolling cutter po- 
sitioned around the spindle, the rolling cutter having a 
seal recess formed therein, the seal recess having an 
outer surface, and a lip seal positioned in the seal recess 
and around the spindle, wherein at least one void is es- 
tablished between the outer surface of the seal recess and 
the outer surface of the lip seal. 

[0036] | n another illustrative embodiment, the method comprises 
providing a drill bit comprised of a spindle, a rolling cutter 
positioned around the spindle, the rolling cutter having a 
seal recess formed therein, the seal recess having an 
outer surface, and a lip seal positioned in the seal recess 
and around the spindle, wherein at least one void is es- 
tablished between the outer surface of the seal recess and 
the outer surface of the lip seal. The method further com- 
prises positioning the drill bit downhole, wherein the at 
least one void is at least partially collapsed when the drill 
bit is subjected to well bore pressure, and performing 



drilling operations with the drill bit. 
[0037] The particular embodiments disclosed above are illustra- 
tive only, as the invention may be modified and practiced 
in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings 
herein. For example, the process steps set forth above 
may be performed in a different order. Furthermore, no 
limitations are intended to the details of construction or 
design herein shown, other than as described in the 
claims below. It is therefore evident that the particular 
embodiments disclosed above may be altered or modified 
and all such variations are considered within the scope 
and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims below. 



